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™- SMART TEMPERATURE SENSING DEV.CE 

FIELD OF THE INVENTION 

'oca. ,o ,be sensoa " UmqUt ' y ChMC ' CTi ^ - «~ — ^ a m£m „, 

BACKGROUND OF THE INVENTION 

— I. ^ Km z i : mpera,ure sensor convcys - — — i. 

~ ,be =,ec t „caL M T"™"' ' " ^ «** 

p-.e m o ften ariS£S , h „: r ,a,urc and subse,ue -" y *» • - - 

solutions do „„, pro ide for ' CMVemi0 " al >"°< « '-P-ure se„ si „ B 

~ . rusew 'ththeelectnca] conversion circuitry 

drawback ,ha, each sensor i a " mf0m, °" On f <°'» * 

sabstaabally shorter tha „ , he " Seft " " ft <* • *»*>r is ofien 

— needed ,o be re p,aced ,be „ " a 

convex ciraiitry : ~" wUhin ,be e,ac,„ca, 

-so, needed ,„ J^^h " 3 reP ' aCCn,em "« " ^ ' 

-Placed ( wb,ch „ as Mucn,, a use, acedeo ,o replace bo,b ,be 



WO 98/13677 



2 



PCT/US97/17068 



sensor and the substantially more expensive electrical conversion circuitry. This resulted 
in high cost and expense to the user. 

In addition to the above prior art limitations, prior art methods of calibrating a 
sensor consisted of using linear approximations to characterize a sensor over a 
temperature range. In this manner, typical linear conversion methodologies such as look- 
up tables were utilized, but the linear approximations provided poor accuracy since 
temperature sensors do not behave linearly over a broad range of temperatures. 
Therefore, even when a sensor was calibrated, its calibration consisted of inaccurate linear 
approximations. 

SUMMARY OF THE INVENTION 

In one aspect of the invention, a temperature sensing device includes a sensor and 
a memory coupled together on a holder, wherein the memory contains a plurality of 
custom calibration coefficients which uniquely characterize the sensor. The smart sensing 
device may also have a remote processor coupled to the sensor. The remote processor is 
operable to access the plurality of calibration coefficients from the memory and an 
electrical signal from the sensor. Th rt remote processor calculates the temperature value 
at the sensor by utilizing the calibration coefficients in conjunction with the electrical 
signal. The sensor and the memory are resident together on the holder used in taking the 
thermal measurement; therefore the sensor and memory are local to the sensed 
environment while the processor is remote from the holder, yet remains in electrical 
communication with the sensor and the memory. The memory may also contain other 
pieces of custom data which is uniquely associated with the sensor such as time constant 
data, maintenance data, intended use data, regulatory data or cold junction compensation 
coefficients to further aid in accurately determining the temperature at the sensor and 
improve sensor reliability. 

In another aspect of the invention, a method of calibrating a thermal sensor 
includes measuring an output signal of the sensor over a temperature range, thereby 
obtaining a plurality of paired data points. The method also includes the step of utilizing 
the paired data points in a mathematical curve fitting algorithm to obtain coefficients to a 
polynomial that characterizes the performance of the sensor over the temperature range. 



WO 98/13677 



3 



PCI7US97/I7068 



The cation coefficients are then stored wiIhin . memory wh , h , ^ fc 

sensor, 



h ye, mother Kpecl of lhe , ^ rf m 

«*- a step of se„di„ g calibralion da , a from . _ § ^ ^ ' 
ca.,bra„on data represents caiihratiop informatjon ^ ^ 
sense, The method a,s„ inches the sleps of raeaOTing , ^ 
_ca,,„ e an Cectrica, signa , frora fc „ ^ ^ ' 

e e« ca , $18nal , mo . Kmpwature rcadhg ^ ^ u(iiizjn6 ^ ^ J 

aata in a conversion algorithm. 

In = fimher aspec, of , he , nvemion , meftod ^ ^ 

™;rr 8 '™ re mc,udes ,he s,ep ° f mMs - ° - ~ 

v e of a h cm a, sensor over a rMge of (cmperatures caicuiai ^ 
custom caltbrat.on coefficients „ hich uniquely ^ ^ 

ca , ration coefficients. The method als0 includes the SKp ^ ^ ^ 
cahbmion coefficients in ,h= memory associated wi,h the sensor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the annexed drawings: 
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the field signal acquisition unit; 

Figure 4 is . schematic dia g ram illustraling , he sra „ ^ 
coupled to a computer; 

Figdre 5 is a . b ,e rfiustcating . plura|iIy of ^ 
calibration coefficients; 

Figure 6 is a schematic diagram illustrati™ th» ™ 
of 8 1,,ustratin g computer coupled to the memory 
ot the smart temperature sensing device; 

Figure 7 is a gra ph aemplify - mg fc eTOf w . _ ..^ oximat . o 

of the voltage-temperature relationship of sensors; 
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Figure 8 is a schematic diagram illustrating in greater detail the smart temperature 
sensing device, illustrating the memory and an RTD-type temperature sensor; and 

Figure 9 is a schematic diagram illustrating in greater detail a smart temperature 
sensing device according to another embodiment including a thermocouple-type 
temperature sensor and the memory. 

DETAILED DESCRIPTION OF THE INVENTION 
The invention relates to a calibrated smart temperature sensing device 
having nonlinear calibration data which reflects a historical nonlinear behavior of a class 
of sensors over a temperature range. The nonlinear calibration data (or coefficients) are 
stored in a memory within a sensor unit which includes a sensor. When in use, the smart 
temperature sensing device is in electrical communication with a field signal acquisition 
unit (or conversion circuitry) which downloads the calibration coefficients from the 
memory of the smart temperature sensing device. The smart temperature sensing device 
transfers a signal to the field signal acquisition unit which is indicative of the temperature 
at the sensor which converts the signal into a temperature using the nonlinear calibration 
coefficients of the smart temperature sensing device. 

The smart temperature sensing device may alternatively contain custom 
calibration data which uniquely characterizes the sensor. Prior to use, the smart 
temperature sensing device is calibrated over a range of temperatures by measuring its 
output signal over a temperature range and calculating custom nonlinear calibration 
coefficients. The calculation of the custom nonlinear calibration coefficients may be 
accomplished using a least squares fitting algorithm. The calibration coefficients 
uniquely characterize the sensor and are stored in the memory within the sensor unit. The 
smart temperature sensing device provides high accuracy by using the custom calibration 
coefficients that uniquely characterize each sensor. Further, the custom calibration 
coefficients provide high accuracy because they are nonlinear coefficients that satisfy a 
polynomial which accurately characterizes the nonlinear behavior of the sensor over the 
temperature range. 

The smart temperature sensing device may also provide additional information to 
the field signal acquisition unit; such additional information includes: 
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Celsius or alternatively to degrees Kelvin, or provide other control functions. 
Alternatively, the FSAU 12 may include additional buttons or other control indicia to 
effectuate conversion functions. 

Figure 3 is a block diagram illustrating the internal circuity of both the smart 
temperature sensing device 10 and the FSAU 12. The smart temperature sensing device 
1 0 has a memory 25 and the temperature sensor 16 coupled to a noise suppression circuit 
26. The memory' 25 and the noise suppression circuit 26 are connected to the FSAU 1 2 
through a P2 connector 27, which is a common paraliel-type connector, which couples the 
smart temperature sensing device 10 and the FSAU 12 together. Alternatively, a different 
type of connector may also be utilized such as a bundled wire harness. The FSAU 12 
includes a processor 28 connected to a memory 30, an analog-to-digital convener 32, and 
the display 22. The memory 25 of the smart temperature sensing device 10 is coupled to 
the processor 28 via the P2 connector 27, and the noise suppression circuit 26 is coupled 
to the analog-to-digital converter 32 as well. Alternatively, the memory 25 may be 
located in either the handle portion 15, the spacer portion 18 or the connector 27 where, in 
ench case, the memory 26 is separate from the FSAU 12. 

The smart temperature sensing device 10 works in conjunction with the FSAU 12 
in the following manner. The memory 25 of the smart temperature sensing device 10 
contains, in one embodiment, historical calibration data that characterizes the nonlinear 
behavior of a class of sensors over temperature. For example, if the temperature sensor 
16 is a thermocouple-type sensor, the nonlinear historical calibration data represents the 
average nonlinear behavior of many thermocouple-type sensors mat have been calibrated 
in the past. In this manner, the historical calibration data represents the average nonlinear 
behavior for thermocouple-type sensors. Similarly, different nonlinear historical 
calibration data will be used for other type temperature sensors 16 such as an RTD-type 
temperature sensor. In another embodiment, the memory 25 of the smart temperature 
sensing device 10 contains custom calibration data which uniquely characterizes the 
nonlinear behavior of the temperature sensor 16. Calibration coefficients are determined 
and loaded into the memory 25; how this is accomplished will be discussed infra. Upon 
initially coupling the smart temperature sensing device 10 to the FSAU 12 (via the P2 
connector 27) the processor 28 immediately accesses the memory 25 to download the 
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sensor 16 should be tested or checked every "X" days, the memory 25 may download "X" 
to the processor 28 which will begin incrementing a clock. When the clock reaches "X", 
the processor 28 will communicate to the user via the display 22 that the temperature 
sensor 28 requires maintenance. The data within the memory 25 may include data for 
temperature sensor type ("X" days for RTDs, "Y" days for thermocouples, etc.) or sensor 
use (replace or repair every "Z" measurement). 

In addition to the above options, the memory 25 may also contain intended use 
environment data. Fo^ example, temperature sensors 16 experience a known drift when 
measuring temperatures in a particular environment over time. The processor 28 may use 
this intended use environment data to approximately offset measured temperatures in that 
particular environment over time, thereby accurately taking into account drift within the 
particular temperature sensor 1 6. Because drift is a function of the particular 
environment, the temperature sensor 16 may be uniquely customized for a particular 
intended use environment. 

Regulatory data specific to a particular customer may also be stored within the 
memory 25. For example, ISO-9000 specification requirements, internal quality control 
standards, or UL mandates may require that particular actions be taken at various times to 
monitor, replace or repair the temperature sensor 16. In a manner similar to the 
maintenance data, the processor 28 downloads this data and provides prompts to the user 
via the display 22 to ensure that the regulatory requirements are addressed. Such 
regulatory data may also include data on the date of the sensor's manufacture, its material 
lot, when and where it was tested, a serial number of other traceability information. 

Cold junction compensation coefficients for thermocouples may also be 
downloaded into the memory 25. As is well known for a thermocouple-type sensor, a 
separate sensor is placed at the cold end of the thermocouple junction and the sensor must 
convert its output into an equivalent thermocouple signal in millivolts to subsequently 
calculate the temperature at its "hot" end. Since each style thermocouple (type K,C,J or T, 
for example) has its own unique conversion parameters, a universal conversion algorithm 
results in inaccuracies. Since each temperature sensor 16 (when using a thermocouple- 
type sensor) will know the style thermocouple being used, the unique compensation 
coefficient may be placed within the memory 25 for subsequent use by the processor 28. 
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data points of calibration temperature column 38 and the sensor output column 40 and 
uses these paired data points to calculate the calibration coefficients. The computer 36 
utilizes the plurality of paired data points, in a preferred embodiment, in a least squares 
fitting algorithm to find a polynomial of minimal degree of the form: 

Temperature = CO + CI * EMF + C2* EMF 2 + C3*EMF 3 + ... + C8*EMF 8 , 
wherein CO,Cl, etc. are the calibration coefficients. The least squares fitting may also be 
artificially weighted so that the temperature at EMF = OV is about 0°C for thermocouple- 
type sensors. When higher order coefficients are equal to zero, it indicates that an 
acceptable curve fit was obtained with a polynomial of an order less than eight. The 
computer 36 downloads the calculated custom calibration coefficients into the memory 25 
of the smart temperature sensing device 10 which is illustrated in conjunction with Figure 
6. 

Figure 6 is a block diagram illustrating the computer 36 connected to the memory 
25 of the smart temperature sensing device 1 0. A memory address portion 43 is located 
within the memory 25 and represents predetermined, fixed addresses (A0-A8) at which 
the custom calibration cc efficients reside within the memory 25. The processor 28 of the 
FSAU 12, when desiring to access the custom calibration coefficients of the memory 25, 
therefore knows where to look to find the custom calibration coefficients and other 
information unique to the particular temperature sensor 16. 

The use of custom, nonlinear calibration coefficients substantially improves the 
conversion accuracy over prior art linear methodologies. The improvement in conversion 
accuracy is illustrated in Figure 7, which is a graph illustrating a thermocouple-type 
sensor as an example, having temperature (T) on the X-axis and the signal voltage (V) on 
the Y-axis. On the graph is a plurality of paired data points 44 (t„v,) f (t 2 ,v 2 ), etc. collected 
in the manner described above in conjunction with Figures 4 and 5. In prior art linear 
approximations, a straight line approximation 45 is made using the paired data points. 
Then, when a voltage signal is received (V 0 ) the corresponding temperature (T L ) on the 
straight line 45 is determined. As can be seen by the plurality of data points on this graph, 
however, the temperature sensor 16 does not behave in a perfectly linear manner over its 
temperature range, but rather behaves nonlinearly. In this particular example utilizing the 
nonlinear coefficients, the voltage signal (V 0 ) corresponds to a temperature T 0 which is 
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fashion as described in conjunction with Figure 7 and operates to enable calibration by 
clocking in the calibration coefficients from the processor 28. Subsequently the 
calibration coefficients data resident within the EEPROM 48 can be readout to the 
memory 30 by the processor 28 for use in accurately calculating the temperature. 

Although several embodiments of the invention have been disclosed for 
illustrative purposes, those skilled in the art will appreciate that various modifications, 
additions and substitutions are possible, without departing from the scope and spirit of the 
invention as defined in the accompanying claims. 
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CLAIMS 

' ^ ' Cn -Para(ijre sensing device (10), comprising* 
a sensor unit (\a\ & * 



— v « ^uinpnsing; 
— o ru „, 1(l4)inc , udingasensor(i 

""""ory (25 , i„. egra , t0 , he <«¥«.«•„, 

non-ine. cahoration da, a whjch ^ ™ ' * «*«» * -or, U5) comains 
2 dLienze the sensor (16). 

The temperature sensing device (1 0\ nf m • , 
-librae da* comprises historical d a a J ' ^ n °"" nea < 

class of sensor, *" behavior of . p anicular 

The temperature sensing device rim r , 
aalibratran da, a comprises custom , , ., ( ' 0,OfC ' a,m herein the nonhnenr 

< rheipcirr : hu " i,ueiyctactoi - th »^(^). 

pcratUre sensing device /'in^ i • 
calibration d ala comprises . plura „, y ' , ' ' C ' a ™ ^ *• """linear 
5- The, em ' '"""'"""''"^cahbration coefficients (42, 
The temperature sensing device (10) of chtim , n c 
connector ,20, for c„ upl )„ e , proceKor « *» 1 • r comprising a 

P-s„r (23, „ opcrab , e J^^~ ' ' « - - — ^ 

r ry «■ - — - s,gn a , r e : ::;rr; da,a from ,he 

'ha temperature at the sensor (16) and ,„ ( ' 6 > Wh ' Ch ,s '" dfa »-ve of 

f'6). al -v,h,eh represents , he temperature a, the sensor 

6 T, ' esensi tlg device (10) „f cliin, 5 r v 
*ah (26, coupied hetween the sensor Od/nnd L ' ~°" 

-PPtesston circuit (26, Cimtnates noise 1 ^ "°<" 

sensor (,6, S ' 8na ' » of the ,e mperalure a , ,„ e 

»a.og-,o.digi, a , converter (32, i M "* ^ «« 

™ a digira, Slgna , l0 1 „ ™ '° — «* *«- signa, from the sensor 

" nzea by the processor (28). 

c-PlC to the p^r^Clr d ? ° f C ' a ' m ^ fUnher * «> 

*~ a , lhc ""^ "* — v al uc vrhich represents Ihe 
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5 9. The sensing device (10) of claim 1, wherein the sensor (16) comprises a 

resistance temperature device (47). 

1 0. The sensing device ( 1 0) of claim 1 , wherein the sensor ( 1 6) comprises a 
thermocouple device (52). 

11. The sensing device (10) of claim 1, wherein the memory (25) comprises an 
1 0 electrically erasable programmable read-only memory (48). 

12. A smart temperature sensor system (10), comprising: 

a sensor (16) on a sensor unit (14), operable to sense a temperature; 

a memory (25) on the sensor unit (14), wherein the memory (25) contains 
nonlinear calibration data which characterizes the sensor (16); and 
1 5 a processor (28) remote from the sensor unit (14) in electrical communication with 

the sensor (16) and the memory (25), wherein the processor (28) receives the nonlinear 
calibration data from the memory (25) and an electrical signal from the sensor (1 6), and 
wherein the processor (28) utilizes the nonlinear calibration data to convert the electrical 
signal into a value that represents the temperature at the sensor (16). 

1 3 . The smart temperature sensor system ( 1 0) of claim 1 2, wiierein the 
nonlinear calibration data comprises historical data that reflects nonlinear behavior of a 
particular class of sensors. 

14. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises custom data which uniquely characterizes the sensor 

25 (16). 

15. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comprises a plurality of nonlinear calibration coefficients (42). 

1 6. The smart temperature sensor system ( 1 0) of claim 1 2, wherein the 
processor (28) communicates with the sensor (1 6) and the memory (25) through a wired 

30 connection (20). 

1 7. The smart temperature sensor system ( 1 0) of claim 12, wherein the 
processor (28) communicates with the sensor (16) and the memory (25) through an RF 
connection. 

18. The smart temperature sensor system (10) of claim 12, wherein the 
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processor (28) communicates with the sensor (\ 6. ™h ,u 

connection. ' ' "* (25) throu * h » « 



1 9- The smart temperature sensor system (10) of claim . 7 f u 
■ noise s uppressjon circui , (M) coupled ^ ^™ com pri sm 

wherein ,he noise SUDpressio „ cjrcujl . lh = I"— B*>. 

si 8 na, ■„ lh£ processo T (28) h <26 ' e " mmaleS ^ hiding a Gl.ered 

processor 2 8 ) whlch „ mdica , ivc rf ^ ^ ^ 

20. Th "man thermal scnsorsysiem (10) of claim ia <• ,. 
-alog-ro-digha, co„ve„er(32) co„„,e ta of claim ,2, furrher comprising an 

21- Thesmart thermal sensing system (10) of claim 12 fi.rrh 
display (22) coupled to the processor (28) for di, C ° mPnS " ,g * 

represents the ten. P ^ * tCm P eraturc value which 

epresents the temperature at the sensor (16). 

22. A method of calibrating a temperature sensor (m « ■ • 

F aiuresens °r(16), comprising the steps of 
— ^"o„, pu , valueofthe , eniperaturcs _ ■ 

mPe ' a, 7' ° »f paired da,a P o,n,s ( 3 M 0, ; J 

23. The mclnod of claim 22 f urt „ cr compris ,„ g ,„ e slep of slori „ B , he 
coefheenrs («) w ilni „ . mcmo ^ (25) ^ ^ ^ * 

-soring a vol.age a, a rirs, ta , t , emperalure in [he ^ 
^ — S—peramre » a second ^ Kmperalure in „ 

■Treasuring ,„e volrage a, ,he second known remperamre; and 
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repeating the steps of incrementing the temperature and measuring the voltage at 
that temperature until the temperature range is traversed, thereby creating the plurality of 
paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance. 

27. The method of claim 22, wherein the step of utilizing the plurality of data 
points in a mathematical curve fitting technique comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 
CI*EMF + C2*EMF 2 + C3*EMF 3 + . . . + C8*EMF 8 , and wherein CO, CI , . . C8 are the 
coefficients. 

29. The method of claim 27, further comprising the step of artificially 
weighing the least squares fitting algorithm so that the temperature at a voltage value of 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 
sending at least one nonlinear calibration datum from a sensor (16) to a processor 

(28); 

measuring a temperature with the sensor (16), wherein the sensor (16) converts the 

temperature to an electrical signal; 

communicating the electrical signal from the sensor (16) to the processor (28); and 
converting the electrical signal into a temperature reading by utilizing the at least 

one nonlinear calibration datum in a conversion algorithm. 

31. A method of providing custom calibration sensors ( 1 6) for measuring 
temperature, comprising the steps of: 

measuring a voltage signal (40) of a thermal sensor (16) over a range of 
temperatures (38), thereby creating a plurality of paired data points (38,40); 

calculating a plurality of custom nonlinear calibration coefficients (42) that are 
uniquely associated with the sensor (16) using the plurality of paired data points (38,40); 
and 

storing the custom nonlinear calibration coefficients (42) in a memory (25) 
associated with the sensor (16). 
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3 2- A smart thermal sensing device (10), < 



comprising: 

,e mP e:i:r ,6>onascnsoruraio4) ' wheremihe — o^™—. 

' mm0ry (25) °" "* — unf. (1 4). wherein ,he memory ««,„,. 
sensor da,a u „ iquely assocjMcd — » "mams coslom 

comprises a, ieast one of: W " ere,n "* CUS, ° m «~ *» 

one or more nonlinear caiibralion coefficients M?> . ,• 
maimcnancedala ,me„H.H ■ e " ,clents <«). a lime consiant, 

data, .mended use enwronmem data, regulatory data or ,„ih •' 
eompensarion coefficients ' d JUnC " 0n 
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8. The sensing dev.ee (10) of elain, 5, further comprising a display (22) 
coupied ,o ,he processor (28) for discing ,he temperas value which represents ,he 
temperature at the sensor (16). 

9. The sensing device (,0, of claim I. wherein the sensor (,6) comprises a 
resistance temperature device (47). 

10. The sensing device (,0) of Cairn I, wherein me se„sor 0 6) comprises a 
thermocouple device (52). 

>'. Th "«^device(IO)ofc l aim l ,„herei„ t he m em„r y( 25,co mp risesa 
clec.r,cally erasable programmable read-only memoty (48). 

12. A smart temperature sensor system (10), comprising: 
a sensor (1 6) on a sensor unit (14), operable to sense a temperature 
a memoty (25, on the sensor unit ( 1 4), wherein the memory (25) contains 
nonlinear cahbration data which characterizes the sensor (16) and wherein ,he nonhnear 
cahbratton data is independent of conversion circuity f„ r utili2ing thc non|inear 
cahbranon data in generating an output indicative of the temperature- and 

a processor (28, remore from the sensor unit ()4, in elecrical communicanc- with 
•he sensor (16 , and , hc memory (25,, wherein the processor (28, receives the nonlinear 
ca thrauon data from the memory (25, and an electrica, signa, from the sensor (1 6, and 
wherctn the processor (28) uUUzcs the nonhnear caltbratton data to convert the electa, 
stgnal tnto a value that represents the temperature at the sensor (16). 

13. Thesmamempera,uresensorsys,em(IO,ofclai m 1 2, wherein the 
nonhnear calibration data composes historical data that reflects nonhnear behavior of a 
particular class of sensors. 

H. The smart temperature sensor system (10) of elaim 12, wherein the 
nonlinear calibration data composes custom data which uniouely characters the sensor 

15. The smart temperature sensor system (10) of claim 12, wherein the 
nonlinear calibration data comDrispo a r.i„™r, r 

comprises a plurality of nonhnear calibration coefficients (42) 

16. The smart temperature sensor system (10) of claim 12, wherein the 
processor (28) communicates with the sensor n„Unri,h 

. „ SCnSOr (16 > Md me ™ry (25) through a wired 

connection (20). 
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AMENDED CLAIMS 



[received by the International Bureau on 20 March 1998 (20 03 98V 
ongtna, cla ims , and 12 amended; remaining claims unchanged J 5 pages)] 

1 • A temperature sensing device ( 1 0), comprising: 
a sensor unit (14) including a sensor (16) operable ,o sense a temperature; and 
a memory (25) integral to the sensor unit (14), wherein the memory (25) contains 
nonlmear calibration data which characterize the sensor (1 6) and wherein the nonlinear 
calibration data is independent of conversion circuitry for utilizing the nonlinear 
calibration data in generating an output indicative of the temperature. 

2. The temperature sensing device (10) of claim 1, wherein the nonlinear 
calibration data comprises historical data that reflects nonlinear behavior of a particular 
class of sensors. 

3. The temperature sensing device (10) of claim 1, wherein the nonlinear 
calibration data comprises custom data which uniquely characterizes the sensor (16). 

4. The temperature sensing device (10) of claim 1 , wherein the nonlinear 
calibration data comprises a plurality of nonlinear calibration coefficients (42). 

5. The temperature sensing device (10) of claim 1, further comprising a 
connector (20) for coupling a processor (28) to the sens-r (16) and the memory (25) 
wherein the processor (28) is operable to access the nonlmear calibration data from the 
memory (25) and receive an electrical signal from the sensor (16) which is indicative of 
the temperature at the sensor (16), and to convert the electrical signal using the nonlinear 
cahbration data into a temperature value which represents the temperature at the sensor 
(16). 

6. The sensing device (10) of claim 5, further comprising a noise suppression 
oictttt (26) coupled between the sensor (16) and the processor (26), wherein the noise 
suppression circuit (26) eliminates noise, thereby providing a filtered signal to the 
processor (28), and wherein the filtered signal is indicative of the temperature at the 
sensor (16). 

7. The sensing device (10) of claim 5, further comprising an analog-to-digital 
converter (32) coupled between the sensor (16) and the processor (28), wherein the 
analog-to-digital converter (32) is operable to convert the electrical signal from the sensor 
(16) into a digital signal to be utilized by the processor (28). 
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17- The smart temperature sensor svstem MOW . ■ 
P-essor (28) eommunicates with the sensor 6 ' ^ ^ 

connection. ° 6) ^ ^ mem ^ C25) through an RF 

The smart temperature sensor system (10) of claim » u • 
processor (28) communicates with the sensor (,6) an «, "* 
connection. ( 6) ^ ^ memor y <*) through an IR 

'9- T ^ smart temperature sensor system (JO) of claim ,2 fi «u 
a no.se suppression circuit ( 26 ) C0UpJed ^ ^ ^ ' ™ ' «g 

s. 8 nal to the processor (28) which is indicative of the tern " & ^ 

20 Th, , ailve onhc temperature at the sensor (16) 

20. The smart thermal sensor system (lO)ofclaim 1? fi 

analog-to-digital converter mi , , „ u ^ COm P risin 8 an 

converter (32) coupled between the sensor (\f\ a a t u 

wherein the araa.og-to-digita, converter . ! °' (l «> "* «« (23), 

from the sensor (,«, int0 . digilal s . J' J ° P ; able t0 CM ™ «* signal 
(28). 6 tni " '° t£ ■*"*-«y received by the processor 

22. A "ielhod 0 fc a libra t i„ 8 a,e„, pcraluresei , sor .,, 1 

-soring an ontpn. value of the ,em peratnre Z Z "'^ ^ ^ 

'emperarrrres. .hereby obtaining a pluralily ' , „ ° " * 

Plurality of pared data points (38,40)- and 
Ulitong the plurality of paired data points m am- 
•echninoe to ob,ai„ coefficients (42) , 0 a , '" * ^ 

23. The method of claim 2? fi.rti.o, 
25. The method of claim T) *t_ 

~g a vo.tage a, a fet taown tempera(urc jn ^ ^ 
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incrementing the temperature to a second known temperature in the temperature 

range; 

measuring the voltage at the second known temperature; and 

repeating the steps of incrementing the temperature and measuring the voltage at 

that temperature until the temperature range is traversed, thereby creating the plurality of 

paired data points (38,40). 

26. The method of claim 22, wherein the step of measuring the output value 
comprises measuring a resistance. 

27. The method of claim 22, wherein the step of utilizing the plurality of data 
points in a mathematical curve fitting technique comprises putting the data into a least 
squares fitting algorithm to calculate the polynomial coefficients (42). 

28. The method of claim 27, wherein the polynomial is of a form T = CO + 
CI *EMF + C2*EMF + C3*EM F 3 + . . . + C 8*EMF», and wherein CO, C, . . C8 are the 
coefficients. 

29. The method of claim 27, further comprising the step of artificially 
weighing the least fitting algonthm SQ tha( ^ temp£rature a{ & ^ Qf 
zero is zero degrees Celsius. 

30. A method of making temperature measurements, comprising the steps of: 
sending at least one nonlinear calibration datum from a sensor (16) to a processor 

(28); 

measuring a temperature with the sensor (16), wherein the sensor (16) converts the 
temperature to an electrical signal; 

communicating the electrical signal from the sensor (16) to the processor (28); and 
converting the electrical signal into a temperature reading by utilizing the at least 
one nonlinear calibration datum in a conversion algorithm. 

31. A method of providing custom calibration sensors (16) for measuring 
temperature, comprising the steps of: 

measuring a voltage signal (40) of a thermal sensor (16) over a range of 
temperatures (38), thereby creating a plurality of paired data points (38,40); 
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calculating a p, urali(y of custQm nonlinear ^ 
uniquely associated with the sensor ritt, ■ ■ " IC <ents (42) that are 

and ( ^ US1 " 8 ^ P ' Urali ^ 0f P-ed data points (38,40); 

storing the custom nonlinear calibration coefficients (421 in 
associated with the sensor (16). ( } ' (25) 

32- A smart thermal sensing device (,0), comprising: 
a sensor (16) on a sensor unit (14) wherein h 
temperature; and ° 6) iS °P erab ^o sense a 

a m emor y (25)onthe S en S oruni,(,4) !whereinthe . 
sensor data uniquely associated with the sensor fin , ^ 

" ( ' Wherei " the C -om sen S0r data 

one or more nonlinear calibration coefficients m\ » f 
-aintena.ee data, intended use environment data C ° nSt " 1 ' 
compensation coefficients. ' ^ 
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